Abstract. Porous concrete is one of the innovative and promising concrete products, which is featured with a relatively high water permeability rate. Compared with conventional concrete products, due to the lack of fine aggregates in the mix design of porous concrete, the void spaces between the coarse aggregates remains unfilled and causes a large amount of porosity in the hardened concrete mass. On the other hand, the strength of porous concrete is usually lower than that of the conventional concrete products due to the lack of fine aggregates.
Introduction
Porous concrete is a subcategory of concrete and was firstly introduced in 19th century [1] . The popularity of porous concrete in recent decades is because of its outstanding permeability character in urban pavements, which is an unique feature outperforming other conventional concrete. Without the use of the fine aggregates in porous concrete, there exists a large amount of void spaces between coarse aggregates. As a result, the permeability rate of porous concrete is much higher than that of the conventional counterparts. On the other hand, although the desirable high permeability could be derived, the compressive strength of the porous concrete is usually much lower than that of the conventional concrete due to the lack of the fine aggregates [2] . Thus, it is necessary for designer to develop an effective and efficient tool to find the optimal mix design which balances the compressive strength and the permeability of porous concrete as per the requirements of constructions.
In this paper, a Markov Chain Monte Carlo (MCMC) technique [3, 4] based approach is proposed to approximate the optimal mix design which achieves the desired mechanical properties of porous concrete. In the proposed approach, the relative proportions of ingredients are used as system variables. An optimal mix design of porous concrete achieves the tradeoff between the compressive strength and the permeability rate. The Weighted Product Method (WPM) [5] is employed to integrate the functions of the compressive strength and the permeability rate of porous concrete into a single utility function which is treated as the balanced system performance function. Thus the key problem to be solved in this paper is to find out the optimal mix design (i.e., optimal relative proportions of ingredients) maximizing the utility function. The MCMC technique consists of a family of algorithms, e.g. the Metropolis-Hastings method [6] and the Gibbs Sampling method [7] . In our approach, the Gibbs Sampling method is employed due to its advantage on high-dimensional problems. A number of simulations are carried out to implement this Gibbs Sampling based optimization approach. The simulation results show that the use of the Gibbs Sampling based approach enables the system to converge to the optimal mix design in a relatively short time. The convergence of iteration is fast and accurate when the optimal system coefficients are used.
Porous Concrete System
System Descriptions. A mix design of concrete is usually given as the relative ratios of the weights of all ingredients, i.e. ). Note that, because the ratio of cement to itself is constantly one, its value is not included in the ratio vector r . Then the ratio vector r is used as the system variable vector and the system utility function is denoted by U(r). Now the problem seeking the optimal mix design * w has been converted into the problem finding the optimal ratio vector * r which maximizes the overall system utility, R R R R = × × × . Once the optimal ratio vector * r is determined, the optimal value of utility function is derived and the weights of cement and other components can be easily derived.
Implementation of the Gibbs Sampling Method. Let {1, 2, } T = denote the index of a sequence of iterations. At the first step 1 t = , an arbitrary ratio vector denoted by ( ) r t , ( ( ) r t R ∈ ), is select. When the iteration moves from t to 1 t + , ( t T ∈ , 1 t T + ∈ ), the ratio vector is updated from ( ) r t to ( ) 1 r t + , i.e., the system state transits from ( ) r t to ( ) 1 r t + . In this process, there is one and only one element i r in ( ) r t , is updated according to the probability distribution ( ( )) U r r t − deserves a high probability to be selected. Then the process moves forward to next iteration. Please note that, at any step t of the iteration process, system keeps tracking the average value of utility function ( ) U t and compare it with ( ( )) U r t . If the difference between these values is equal or smaller than a pre-defined value ε and remains stable, the system converges. The average value of utility function ( ) U t is calculated as follows.
Simulation Configurations and Results

Configurations.
A number of experiments have been carried out and the corresponding results are depicted [8] . In our proposed system, we will use the experimental data provided in [8] ( ) U r can be derived at the optimal configuration. The difference between the converged value and the maximum value is approximate 1.18%. The corresponding optimal ratio vector * r of the approach achieves the tradeoff between the compressive strength and the permeability rate.
The simulation is repeated for 1000 times and the averaged simulation results (i.e. the optimal utility function value and the details of corresponding optimal design) revealed that, given the desired permeability rate 4 / K mm sec = , the optimal water to cement rate is 0.3514 and the optimal coarse aggregate to cement ratio is 3.4134. Correspondingly, the derived compressive strength is 18.8882 MPa which is only 4.88% lower than the maximum compressive strength.
Conclusions
In this paper, a Gibbs Sampling method based approach is implemented to approximate the optimal mix design maximizing the utility function and balancing the compressive strength and the permeability rate of porous concrete. The implementation of this method is relatively easy and can be applied to all forms of utility function. The weighting coefficients used in the weigh product method have great impact on the system performance since they dominate the weights of the performance measures in the evaluation of the system utility function. By adopting the optimal values of the coefficients, the simulation results show the effectiveness and efficiency of the proposed approach. 
